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The paramount role of acetylcholinesterase (ACh-esterase) in the control of
electrical activity of excitable membranes of nerve and muscle cells appears
well established.1-' In view of its vital function in nerve impulse conduction, the
enzyme has been intensively studied since it was first extracted, in 1938, from
electric tissue.4 In the early 1940's a several-hundredfold purification of this
enzyme was achieved;5 however, the amounts of pure protein available, while
adequate for kinetic studies, for the analysis of the molecular groups in the active
site and other related studies, did not permit an investigation of the protein
structure and its properties. The advances of macromolecular chemistry in the
last decade, especially the possibility of exploring tridimensional structures, made
apparent the desirability of obtaining the enzyme in sufficiently large amounts for
carrying out such studies. A large-scale purification was started about four years
ago, and a successful and readily reproducible procedure was described in a pre-
ceding paper :6 60-70 mg pure protein were obtained from 10 kg of electric tissue.
Evidence for the purity of the enzyme and an amino acid analysis were also
reported. In a footnote added in proof, a crystallization of the enzyme was
announced. In the present paper the growth of the crystals, the absorption
spectra, extinction coefficient, and the isoionic and isoelectric points are de-
scribed.

Materials and Methods.-ACh-esterase, with a specific activity of approximately 750
mmoles ACh hydrolyzed per milligram of protein per hour, has been used throughout the
experiments described here. The reaction mixture in which the specific activity was
tested contained 0.02 M MgCl2, 0.01% recrystallized bovine albumin, and 2.7 X 10-I M1
acetylcholine. The presence of Mg++ has been found essential for full enzyme activity;
in the absence of this ion, the activity decreased by 40%. The effect of Mg++ has been
previously discussed.7 8 A more detailed evaluation of the effects of mono- and divalent
cations on the activity will be described elsewhere. A radiometer automatic titrator was
used for determining the enzyme activity. The protein concentrations were measured
by the optical absorption at 280 my and by micro-Kjeldal methods. The UV-absorption
spectra were recorded with a Cary 14 spectrophotometer.

Results.-Crystallization: When a concentrated solution of pure enzyme
protein (0.5-1%) is kept in 35 per cent ammonium sulfate solution at 40C,
crystals are formed within about two to four days.6 These crystals have a length
of about 10 u. Growth of the crystals has been obtained in the following way:
saturated ammonium sulfate is slowly added to a solution of 0.5-1 per cent pure
enzyme in 0.06 M potassium phosphate buffer, pH 6.85, until a slight turbidity
occurs. This represents approximately 35 per cent saturation. The solution is
then clarified by centrifugation and slowly concentrated over a period of two to
three months by evaporating water through a thin capillary tube. Using this
method, crystals of 150 1A length and 120 u width have been isolated. The
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(B)possibly pyramidal~~t:unaermnation.
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FIG. 1. Crystals of ACh-esterase. Magnification 100 X. (A) Regular hexagonal prisms;
(B) possibly pyramidal termination.

crystals are extremely well formed. The most common form of growth ob-
served is short, thick prisms of regular hexagonal cross section (Fig. 1), a form
compatible with true hexagonal symmetry. The complex pyramidal termina-
tion shown by some crystals, however, may imply a crystal system of lower order.
The crystals exhibit low birefringence so that it is not possible at present to deter-
mine whether they are uniaxial or biaxial.

Absorption spectra: Figure 2 illustrates the absorption spectra of ACh-
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FIG. 2.-UV-absorption
spectra of ACh-esterase in
0.02 M potassium phosphate
at pH 6.85, 11.1, 11.7.
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esterase at various pH values between 6.85 and 11.7. The intensity of the ab-
sorption at 280 mi stays almost the same when the solution is altered from a
neutral to an alkaline condition, but the maximum intensity, as shown in Figure
2, undergoes a slight bathochromic shift. Two isosbestic points are seen at
268 m,4 and 282 m,4.

Extinction coefficient: A determination was made of the direct relationship
between the dry weight of ACh-esterase and optical density at 280 mWu. The
enzyme appears to have a very low solubility in distilled water and therefore there
is insufficient -j rotin in -the solution for an optical density determination at
280 mg. For this reason, enzyme was dissolved in either 0.02 M1 (NH4)2CO3 or
0.02 JI CH3COONH4 solution and dialyzed over a period of two days against the
same salt solutions. The dialyzed enzyme was centrifuged for 5 minutes at
30,000 rpm, and subsequently the optical density was measured at 280 mAt.
An aliquot was lyophilized, heated at 130'C for 20 minutes, and finally cooled in
a desiccator over P205. This procedure was repeated daily until the weight was
constant. A determination of the dry weight was thus obtained, and the ex-
tinction coefficient was found to be ElS° mix = 16.1.

Solubility: The solubility of ACh-esterase in 0.01 31\NaCl solution has been
determined in the region of minimum solubility. This region has been ap-
lproached from both sides
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FIG. 3.-SolutbilitY of ACh
esterase in 0.01 .11 NaCl soltitiot
as function of pH.

by adjusting 0.1 per cent enzyme solutions to the
desired pH with N\aOH or HCl. After standing
for ten minutes the solutions were centrifuged
and the protein concentration of the supernatant
measured. The resulting data in the region of
minimum solubility are shown in Figure 3.
Minimum solubility occurs at )H115.1, which
would indicate that the isoelectric point lies close
to, or at, that point.

Isoionic point: The isoionic point of ACh-
esterase was found by dialyzing a protein solu-
tion against distilled water. Complete removal
of salts was obtained by passing the solution

n through a column of mixed bed resin (Bio-Rad
AG 501-X8); the pH value of the eluate was 5.35.

Discussion. Crystals of ACh-esterase have so
far been grown to a length of 150 A and to a width of 120 A. It is hoped that a
size will soon be obtained which will permit the initiation of studies by X-ray
crystallography. In combination with investigations of the subunits, amino
acid sequences, and other aspects, a better insight in the properties of ACh-
esterase may then be obtained.

In the last few years, electron microscopy studies combined with histo-
chemical staining techniques have borne out the idea proposed more than 20
years ago on the basis of indirect biochemical studies that the enzyme is struc-
turally bound to membranes.9'-4 M\Iembranes to which ACh-esterase is attached
have been isolated from electric tissue of Electrophorus electi icus.15 Some charac-
teristics of this membrane-bound enzyme as compared to those of the enzyme
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in solution have been recently reported.'6 Moreover, the monocellular electro-
plax preparation developed by Schoffeniels'7 and greatly refilled during the last
decade' permits study of the enzyme (and related proteins) on a cellular
level."-24 Contemporary biochemistry has made it increasingly apparent that
characterization of an enzyme requires studies not only in solution but also within
the frame of the natural macromolecular assembly of the cell, in view of the many
cooperative effects, regulatory and control mechanisms, on which the activity
of an enzyme depends. The availability of crystals and of pure protein in ade-
quate amounts in combination with the other l)rel)arations has thus opened the
possibility of studying the characteristics of acetylcholinesterase on a cellular,
subcellular, and molecular level.
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